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In this issue of Neuron, O’Shea et al. demonstrate that a network of cortical areas compensates for
function when the left dorsal premotor area is disrupted by transcranial magnetic stimulation (TMS)
and that these compensatory changes are not just functionally specific but are anatomically specific
as well.Can one brain region take over the
function of another? Consider what
happens in motor recovery after
stroke. Functional neuroimaging has
shown us that, as patients recover
the ability to move their affected limb,
changes can be observed in neural
activity, not only in the primary motor
area in the damaged hemisphere but
also in the primary motor area in the in-
tact hemisphere, as well as in nonpri-
mary motor areas in both hemispheres
(for review, see Calautti and Baron,
2003). But there is a contentious de-
bate as to whether or not changes in
the intact hemisphere really reflect
adaptive processes related to motor
recovery, particularly in the dorsal pre-
motor area (PMd), an area that is fre-
quently reported to show changes in
neural response when stroke patients
perform movements after a period of
recovery (e.g., Johansen-Berg et al.,
2002; for reviews, see Calautti and
Baron, 2003; Rushworth et al., 2003).
It is important to emphasize here that
the intact motor areas contralateral to
the damaged hemisphere have no di-
rect access to the spinal motor neu-
rons that innervate distal arm muscles
on the same side of the body (Liu and
Chambers, 1964; Ralston and Ralston,
1985).352 Neuron 54, May 3, 2007 ª2007 ElsevTo address the issue of possible re-
organization of function, O’Shea et al.
(2007) took advantage of transcranial
magnetic stimulation (TMS), a tech-
nique that allowed them to make ‘‘vir-
tual’’ lesions in an otherwise intact
brain by applyingbriefmagnetic pulses
through the skull to perturb neural pro-
cessing in a particular area. By tempo-
rarily disrupting a brain area in thisway,
they avoided all complications associ-
ated with studies of brain-damaged
patients whose lesions typically differ
in extent and location. O’Shea and col-
leagues used TMS to disrupt the func-
tion of the left PMd temporarily in
healthy volunteers and then looked at
what happened immediately afterward
when volunteers had to choose be-
tween different actions on the basis of
visual cues (a task in which the left
PMd is thought to play a crucial role).
In their first experiment, the authors
showed that after TMS was applied to
the left PMd, performance on the
action-selection task was disrupted
temporarily—but soon recovered, sug-
gesting that some sort of adaptive
compensation had taken place.
But where in the brain did the com-
pensation occur? In a second experi-
ment, O’Shea and colleagues used
functional magnetic resonance imag-ier Inc.ing (fMRI) to explore changes in neural
activity in different brain regions after
motor performance had recovered
from the TMS-induced disruption of
the left PMd. Not only did they find in-
creases in neural activity in the right
PMd and in other brain areas during
the performance of the action-selec-
tion task, but these increases were
task specific. In other words, neural
activity in these regions was greater
when the volunteers performed the
action-selection task than when they
performed similar repetitive move-
ments that did not require selection.
The increase in neural activity in the
right PMd was notable given that the
same laboratory had earlier shown
that the right PMd plays a less impor-
tant role in action selection than does
the left PMd (for review, see Rush-
worth et al., 2003).
In a third experiment, O’Shea and
colleagues examined the specificity
of these effects. They used fMRI to
test whether or not TMS-induced dis-
ruption of the left primary motor area
would produce the same kind of in-
creases in neural activity in the right
PMd and in the other brain areas re-
lated to action selection that they had
observed following TMS-induced dis-
ruption of the left PMd. As it turned
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left primary motor area did not pro-
duce the same effects that they had
observed in their earlier experiment.
In other words, the functional reorgani-
zation of the right PMd as well as in
other brain areas was an anatomically
specificconsequenceof havingdisrup-
ted neural processing in the left PMd.
In a final experiment, O’Shea and
colleagues sought to establishwhether
or not interfering with neural process-
ing in the right PMdafter the volunteers
had recovered from the effects of dis-
rupting the function of the left PMd
would restore the deficit in the action-
selection task. As predicted, they
found that delivering TMS to the right
PMd by itself did not disrupt action
selection, but doing exactly the same
thing after first disrupting the left PMd
did result in deficits in action selection.
Thus, the observed compensation in
performance following TMS-induced
disruption of neural processing in the
left PMd depended critically on intact
neural processing in the right PMd.
Taken together, the evidence from
this series of experiments provides
clear and unequivocal evidence that
a network of cortical areas can ‘‘stand
in’’ for another brain region, in thisRegulating the So
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Centrally released oxytocin regu
recent paper by Jin et al. publi
CD38 plays a critical role in regula
lamic neurons.
‘‘How do I love thee? Let me count the
ways.’’ Long a question posed by ro-
mantics and poets, neuroscientists are
now enumerating the molecular path-
ways and neural circuits underlyingcase the left PMd, when its function is
disrupted. Moreover, these compen-
satory changes in the brain are not
just functionally specific; they are ana-
tomically specific as well. In addition,
the results converge nicely on previous
work suggesting that thePMd,which is
often more active in the intact hemi-
sphere when stroke patients perform
movements with their affected arm
after a period of recovery, reflects an
adaptive process in the recovery of
motor function after stroke (Johansen-
Berg et al., 2002; Lotze et al., 2006).
O’Shea and colleagues speculate
that the anatomical route by which
the intact PMd could exert control
over ipsilateral hand and finger move-
ments (where the control is normally
‘‘crossed’’) is via interhemispheric
connections. In support of this view,
Chouinard et al. (2006) have demon-
strated changes in the strength of
interhemispheric connections be-
tween the primary motor cortex in the
two hemispheres in stroke patients af-
ter rehabilitative therapy. O’Shea and
colleagues’ findings also help to ex-
plain why patientswho have recovered
well from one stroke and then suffer
a second stroke in the opposite hemi-
sphere not only have a new set of defi-cial Brain: A New
Sciences, Center for Behavioral Neuroscien
2, USA
lates maternal behavior, social m
shed in Nature demonstrates th
ting social behaviors by regulating
complex emotional states such as
love, lust, and fear. The neuropeptide
oxytocin (OT), often touted in the pop-
ular press as the ‘‘hormone of love’’
and ‘‘trust,’’ has been singled out as
Neuroncits but also have a reappearance of
the original deficits caused by the first
stroke (Fisher, 1992; Lee and van
Donkelaar, 1995).
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a key modulator of affiliative behaviors
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